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(57) ABSTRACT

Some embodiments include methods of forming semicon-
ductor constructions. A heavily-doped region is formed
within a first semiconductor material, and a second semicon-
ductor material is epitaxially grown over the first semicon-
ductor material. The second semiconductor material is pat-
terned to form circuit components, and the heavily-doped
region is patterned to form spaced-apart buried lines electri-
cally coupling pluralities of the circuit components to one
another. At least some of the patterning of the heavily-doped
region occurs simultaneously with at least some of the pat-
terning of the second semiconductor material.
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1
METHODS OF FORMING MEMORY ARRAYS
AND SEMICONDUCTOR CONSTRUCTIONS

RELATED PATENT DATA

This patent resulted from a Continuation of U.S. patent
application Ser. No. 13/591,074 which was filed Aug. 21,
2012 and which is incorporated by reference herein.

TECHNICAL FIELD

Methods of forming memory arrays and semiconductor
constructions.

BACKGROUND

Memory is one type of integrated circuitry, and is used in
electronic systems for storing data. Integrated memory is
usually fabricated in one or more arrays of individual memory
cells. The memory cells are configured to retain or store
memory in at least two different selectable states. In a binary
system, the states are considered as either a “0”or a “1”. In
other systems, at least some individual memory cells may be
configured to store more than two levels or states of informa-
tion.

An example type of memory is dynamic random access
memory (DRAM). A DRAM unit cell may comprise a tran-
sistor in combination with a capacitor. The capacitor may be
considered to be a data storage device in that the charge state
of'the capacitor corresponds to a memory state of the memory
cell.

Some memory comprises unit cells having programmable
material between a pair of electrodes. The programmable
material has two or more selectable resistive states to enable
storing of information, and thus the memory unit cells are
data storage devices. Examples of such memory cells are
resistive RAM (RRAM) cells, phase change RAM (PCRAM)
cells, and programmable metallization cells (PMCs)—which
may be alternatively referred to as a conductive bridging
RAM (CBRAM) cells, nanobridge memory cells, or electro-
lyte memory cells. The memory cell types are not mutually
exclusive. For example, RRAM may be considered to encom-
pass PCRAM and PMCs.

The unit cells comprising programmable material may be
leaky, and accordingly select devices (i.e., access devices)
may be provided to improve the control of current to and from
the unit cells. The select devices may be any of numerous
devices, including, for example, diodes, switches, field effect
transistors, bipolar junction transistors (BJTs), etc.

Difficulties may be encountered in the fabrication of inte-
grated circuitry, such as memory. Accordingly, it is desired to
develop new methods of forming integrated circuitry.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic cross-sectional view of a portion
of a semiconductor construction showing an initial process
stage of an example embodiment method for forming a
heavily-doped region and epitaxially-grown semiconductor
material over a memory array region selectively relative to a
region peripheral to the memory array region.

FIG. 2 is a diagrammatic cross-sectional view of the por-
tion of the semiconductor construction shown in FIG. 1 show-
ing a process stage subsequent to that shown in FIG. 1 for the
example embodiment method for forming a heavily-doped
region and epitaxially-grown semiconductor material over a
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memory array region selectively relative to a region periph-
eral to the memory array region.

FIG. 3 is a diagrammatic cross-sectional view of the por-
tion of the semiconductor construction shown in FIG. 1 show-
ing a process stage subsequent to that shown in FIG. 2 for the
example embodiment method for forming a heavily-doped
region and epitaxially-grown semiconductor material over a
memory array region selectively relative to a region periph-
eral to the memory array region.

FIG. 4 is a diagrammatic cross-sectional view of the por-
tion of the semiconductor construction shown in FIG. 1 show-
ing a process stage subsequent to that shown in FIG. 3 for the
example embodiment method for forming a heavily-doped
region and epitaxially-grown semiconductor material over a
memory array region selectively relative to a region periph-
eral to the memory array region.

FIG. 5 is a diagrammatic cross-sectional view of the por-
tion of the semiconductor construction shown in FIG. 1 show-
ing a process stage subsequent to that shown in FIG. 4 for the
example embodiment method for forming a heavily-doped
region and epitaxially-grown semiconductor material over a
memory array region selectively relative to a region periph-
eral to the memory array region.

FIG. 6 is a diagrammatic cross-sectional view of the por-
tion of the semiconductor construction shown in FIG. 1 show-
ing a process stage subsequent to that shown in FIG. 5 for the
example embodiment method for forming a heavily-doped
region and epitaxially-grown semiconductor material over a
memory array region selectively relative to a region periph-
eral to the memory array region.

FIG. 7 is diagrammatic cross-sectional view of a portion of
a semiconductor construction showing an initial process
stage of another example embodiment method for forming a
heavily-doped region and epitaxially-grown semiconductor
material over a memory array region selectively relative to a
region peripheral to the memory array region.

FIG. 8 is diagrammatic cross-sectional view of a portion of
a semiconductor construction showing a process stage sub-
sequent to FIG. 7 of the another example embodiment method
for forming a heavily-doped region and epitaxially-grown
semiconductor material over a memory array region selec-
tively relative to a region peripheral to the memory array
region.

FIG. 9 is a diagrammatic top view of a memory array
region.

FIG. 10 is a diagrammatic cross-sectional view along the
line A-A of FIG. 9 in accordance with an example embodi-
ment in which an epitaxially-grown semiconductor material
comprises various doped regions.

FIG. 11 is another diagrammatic cross-sectional view
along the line A-A of FIG. 9 using another method for illus-
trating various doped regions within the epitaxially-grown
semiconductor material.

FIG. 12 is a diagrammatic top view of the memory array
region of FIG. 9 shown at a processing stage subsequent to
that of FIG. 9 in accordance with an example embodiment.

FIG. 13 is a diagrammatic cross-sectional view along the
lines A-A of FIG. 12.

FIG. 14 is a diagrammatic cross-sectional view along the
lines B-B of FIG. 12.

FIG. 15 is a diagrammatic cross-sectional view along the
lines C-C of FIG. 12.

FIG. 16 is a diagrammatic top view of the memory array
region of FIG. 9 shown at a processing stage subsequent to
that of FIG. 12 in accordance with an example embodiment.

FIG. 17 is a diagrammatic cross-sectional view along the
line A-A of FIG. 16.
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FIG. 18 is a diagrammatic cross-sectional view along the
line B-B of FIG. 16.

FIG. 19 is a diagrammatic cross-sectional view along the
line C-C of FIG. 16.

FIG. 20 is a diagrammatic top view of the memory array
region of FIG. 9 shown at a processing stage subsequent to
that of FIG. 16 in accordance with an example embodiment.

FIG. 21 shows a diagrammatic cross-sectional view of a
construction in accordance with another example embodi-
ment; with FIG. 21 being a view along the line A-A shown in
FIG. 12.

FIG. 22 shows a processing stage following that of FIG. 21.

FIG. 23 is a diagrammatic cross-sectional view ofa portion
of a semiconductor construction showing a process stage of
another example embodiment method for forming a heavily-
doped region.

FIG. 24 is a diagrammatic cross-sectional view of the por-
tion of the semiconductor construction of FIG. 23 showing a
process stage subsequent to FIG. 23.

FIG. 25 is a diagrammatic cross-sectional view of the por-
tion of the semiconductor construction of FIG. 23 showing a
process stage subsequent to FIG. 24.

FIG. 26 is a diagrammatic cross-sectional view of the por-
tion of the semiconductor construction of FIG. 23 showing a
process stage subsequent to FIG. 25.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

Some embodiments include new methods of forming inte-
grated circuitry in which a heavily-doped region (i.e., aregion
having a dopant concentration of at least about 10*° atoms/
cm?) is formed within a first semiconductor material, and then
second semiconductor material is epitaxially grown over the
first semiconductor material. The second semiconductor
material may be patterned into integrated circuit components,
and the heavily-doped region may be patterned into conduc-
tive lines that interconnect pluralities of the components to
one another. In some embodiments, the heavily-doped region
is formed within a memory array region of a semiconductor
substrate. In such embodiments, buried conductive lines (for
instance, buried digit lines) may be patterned from the
heavily-doped region, and memory components may be pat-
terned from the second semiconductor material. Pluralities of
the memory components may be interconnected with one
another through the buried conductive lines.

The symbols “+” and “~" are utilized in various figures of
this disclosure to indicate dopant levels. Some or all of the
designations p—-, p—, p, p+, p++, 1——, 1—, 1, n+ and n++ may
be used to indicate various levels and types of doping. The
difference in dopant concentration between the regions iden-
tified as being p++, p+, p, p—, and p—— may vary depending on
the particular material being doped. An example dopant con-
centration of a p++ region is a dopant concentration of at least
about 10*° atoms/cm” (and in some example applications may
be from about 10?° atoms/cm? to about 10** atoms/cm>), an
example dopant concentration of a p+region is a dopant con-
centration of at least about 10'° atoms/cm® (and in some
example applications may be from about 10'° atoms/cm? to
about 10?° atoms/cm>), an example dopant concentration of a
p region is from about 10'® to about 10'° atoms/cm>, an
example dopant concentration of a p- region is less than
about 5x10'® atoms/cm?, and an example dopant concentra-
tion of a p—— region is less than about 1x10"® atoms/cm®. The
regions identified as being n-—, n—, n, n+ and n++ may have
dopant concentrations similar to those described above rela-
tive to the p——, p—, p, p+, and p++ regions, respectively. A
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region doped to p++ or n++ dopant concentration may be
referred to as a “heavily-doped” region in the claims which
follow.

The terms “p” and “n” can be utilized herein to refer to both
dopant type and relative dopant concentrations. The terms “p”
and “n” are to be understood as referring only to dopant type,
and not to a relative dopant concentration, except when it is
explicitly stated that the terms refer to relative dopant con-
centrations. Accordingly, for purposes of interpreting this
disclosure and the claims that follow, it is to be understood
that the terms “p-type doped” and “n-type doped” refer to
dopant types of regions and not to relative dopant levels.
Thus, a p-type doped region can be doped to any of the p++,
p+, p, p— and p—- dopant levels discussed above, and simi-
larly an n-type doped region can be doped to any of the n++,
n+, n, n- and n-- dopant levels discussed above.

FIG. 1 shows a semiconductor construction 10 comprising
a base 12. Base 12 may comprise, consist essentially of, or
consist of monocrystalline silicon, and may be referred to as
a semiconductor substrate, or as a portion of a semiconductor
substrate. The terms “semiconductive substrate,” “semicon-
ductor construction” and “semiconductor substrate” mean
any construction comprising semiconductive material,
including, but not limited to, bulk semiconductive materials
such as a semiconductive wafer (either alone or in assemblies
comprising other materials), and semiconductive material
layers (either alone or in assemblies comprising other mate-
rials). The term “substrate” refers to any supporting structure,
including, but not limited to, the semiconductive substrates
described above. Although base 12 is shown to be homog-
enous, the base may comprise numerous materials in some
embodiments. For instance, base 12 may correspond to a
semiconductor substrate containing one or more materials
associated with integrated circuit fabrication. In such
embodiments, such materials may correspond to one or more
of refractory metal materials, barrier materials, diffusion
materials, insulator materials, etc.

The base 12 is shown to comprise a memory array region
14, and another region 16 peripheral to the memory array
region. In subsequent processing, integrated memory may be
formed across the memory array region, and logic or other
circuitry may be formed across the peripheral region. In some
embodiments, at least some of'the circuitry formed across the
peripheral region may be utilized for controlling current flow
to and from memory cells of the memory array region during
programming and/or reading operations.

A patterned masking material 18 is provided over the
peripheral region 16. The masking material may comprise
any suitable composition or combination of compositions.
For instance, the masking material may comprise photolitho-
graphically-patterned photoresist and/or may comprise sili-
con nitride over pad oxide.

Referring to FIG. 2, the memory array region 14 is recessed
relative to the peripheral region 16. Such recessing may be
accomplished by etching into the memory array region 14
while the peripheral region is protected with the masking
material 18. Such etch may utilize any suitable chemistry. For
instance, if the base 12 comprises monocrystalline silicon, the
etch may utilize one or more fluorine-containing materials.

The memory array region is recessed to a depth 19. Such
depth may be any suitable depth for the particular circuitry
ultimately to be formed across the memory array region; and
in some embodiments may be a depth of at least about 2000 A.

Referring to FIG. 3, dopant 20 is implanted into construc-
tion 10 to form a heavily-doped region 22 within the memory
array region 14. In the shown embodiment, masking material
18 remains over the peripheral region during the implant of
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dopant 20 and functions as a protective mask to prevent the
dopant from being implanted into the peripheral region. The
region 22 may be majority p-type doped in some embodi-
ments, and may be majority n-type doped in other embodi-
ments. If the region 22 is to be n-type doped, the implanted
conductivity-enhancing dopant may comprise, for example,
one or both of phosphorus and arsenic; and if the region 22 is
to be p-type doped, the implanted conductivity-enhancing
dopant may comprise, for example, boron.

Region 22 extends to a depth 21 within base 12. Such depth
may be any suitable depth, and in some embodiments may be
less than or equal to about 100 nanometers.

The implant of dopant 20 into base 12 may create damage
within the base. A thermal anneal may be conducted to heal at
least some of such damage. Such thermal anneal may com-
prise any suitable processing including, for example, rapid
thermal processing (RTP) or a conventional furnace heat
treatment.

The dopant 20 may comprise one or both of nitrogen and
carbon in addition to the conductivity-enhancing dopant. The
implanting of nitrogen and/or carbon within region 22 may
reduce diffusion (i.e., spread) of conductivity-enhancing
dopant during the thermal treatment.

Referring to FIG. 4, semiconductor material 24 is epitaxi-
ally grown from the exposed surface of material 12. In the
shown embodiment, masking material 18 covers the periph-
eral region of base 12 during the epitaxial growth of semi-
conductor material 24, and thus precludes epitaxial growth
over the peripheral region.

In some embodiments, semiconductor material of base 12
may be referred to as a first semiconductor material, and the
semiconductor material 24 may be referred to as a second
semiconductor material. The second semiconductor material
may comprise a same composition as the first semiconductor
material, or may comprise a different composition from the
first semiconductor material. In some embodiments, both the
first semiconductor material of base 12 and the second semi-
conductor material 24 comprise, consist essentially of, or
consist of monocrystalline silicon.

The epitaxially grown material 24 may be in situ doped
during the growth of such material, as discussed in more
detail below with reference to FI1G. 10.

Referring to FIG. 5, construction 10 is subjected to pla-
narization (for instance, chemical-mechanical polishing
(CMP)) to remove masking material 18 and form a planarized
surface 25 extending across the memory array region 14 and
the peripheral region 16. The semiconductor material 24
remaining at the processing stage of FIG. 5 has a thickness 27.
Such thickness may be any suitable thickness for the particu-
lar circuitry ultimately to be formed across the memory array
region; and in some embodiments may be at least about 2000

The processing of FIGS. 1-5 is one of many examples of
processing which may be utilized to form a structure in which
the heavily-doped region 22 and the epitaxially-grown mate-
rial 24 are selectively formed over a memory array region
relative to a peripheral region. Another example process for
accomplishing such structure is described with reference to
FIGS. 6-8.

Referring to FIG. 6, construction 10 is shown at a process-
ing stage subsequent to that of FIG. 3; and specifically is
shown after removal of masking material 18 (FIG. 3). The
masking material may be removed with any suitable process-
ing, depending on the thickness and composition of the mask-
ing material.

Referring to FIG. 7, the semiconductor material 24 is epi-
taxially grown over exposed surfaces of base 12, and in the
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shown embodiment is formed over both the memory array
region 14 and the peripheral region 16. The semiconductor
material 24 is shown formed to a sufficient thickness so that it
entirely fills the recess over the memory array region 14. The
construction of FIG. 7 may be utilized as is for subsequent
fabrication of circuit components. In other embodiments, the
construction of FIG. 7 may be subjected to planarization (for
instance, CMP) to remove semiconductor material 24 from
over peripheral region 16 and form the construction of FIG. 8
having a planarized surface 25 extending across the memory
array and peripheral regions prior to fabricating circuit com-
ponents from the epitaxially-grown material 24. Also, in
some embodiments (not shown) the epitaxial growth shown
in FIG. 7 may form epitaxially-grown material 24 to a thick-
ness which does not entirely fill the recess over the memory
array region, and such material may be utilized for subse-
quent formation of circuit components without planarization
in some embodiments, and with planarization in other
embodiments.

In subsequent processing (for instance, processing analo-
gous to that described with reference to FIGS. 9-13), the
second semiconductor material 24 may be patterned into
circuit components and the heavily-doped region 22 may be
patterned into spaced-apart buried lines which electrically
couple pluralities of the circuit components to one another.
Although the embodiments of FIGS. 1-8 show the heavily-
doped region 22 and semiconductor material 24 selectively
formed over a memory array region relative to a peripheral
region, in other embodiments the heavily-doped region and
epitaxially-grown semiconductor material may be formed
over other regions alternatively to, or in addition to, the
memory array region. For instance, the heavily-doped region
and epitaxially-grown semiconductor material may be
formed over a peripheral region and utilized for fabrication of
logic circuitry. As another example, the heavily-doped region
and epitaxially-grown semiconductor material may be uti-
lized for fabrication of sensor circuitry, etc. Accordingly,
although specific example embodiments are described below
with reference to FIGS. 9-22 for fabrication of memory, it is
to be understood that in other embodiments analogous pro-
cessing may be utilized to fabricate other types of circuitry.

Referring to FIGS. 9 and 10, the memory array region 14 is
shown atan example embodiment processing stage following
the growth of the second semiconductor material 24. F1IG. 9 is
a top view of a portion of region 14, and FIG. 10 is a cross-
sectional view along the line A-A of FIG. 9. The memory
array region 14 of FIGS. 9 and 10 may correspond to the
processing stage of FIG. 5, FIG. 7 or FIG. 8, in some embodi-
ments.

The base 12 (i.e., the first semiconductor material) of FIG.
10 is shown to be doped to a p—— dopant level, and the
heavily-doped region 22 is shown to be doped to an n++
dopant level. The second semiconductor material 24 is shown
to comprise a stack of doped regions 30-36. The doped
regions 30-36 may be ultimately incorporated into vertical
transistors; with the regions 30 and 36 being incorporated into
bottom and top source/drain regions of such transistors. The
region 33 may be within channel regions of such transistors
(such as example vertical transistors shown in FIGS. 20 and
21), and may be lightly doped with appropriate threshold
voltage dopant. The regions 31 and 32 form a graded junction
between the n++ doped region 30 and the region 33, and
similarly the regions 34 and 35 form a graded junction
between the n++ doped region 36 and the region 33. The
graded junctions may improve device performance relative to
vertical transistors having more abrupt junctions between the
source/drain regions and the channel region (for instance,
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there may be reduced junction leakage in vertical transistors
having the graded junctions of FIG. 10 relative to vertical
transistors having more abrupt junctions).

The doped regions 30-36 may be formed within second
semiconductor material 24 with any suitable processing. In
some embodiments, such doped regions may be formed by in
situ doping of the second semiconductor material during epi-
taxial growth of such material. In other embodiments, one or
more of the doped regions may be formed by implanting
appropriate dopant into material 24. However, in some
embodiments it may be preferred to utilize in situ doping
during the epitaxial growth rather than the dopant implant due
to a possibility that the dopant implant may impart undesired
damage to material 24.

The various doped regions shown in FIG. 10 are example
doped regions, and other doped regions may be utilized in
other embodiments. For instance, in some embodiments the
n-type and p-type doped regions may be reversed.

FIG. 11 shows an alternate and simplified view along the
cross-section A-A of FIG. 9. Specifically, FIG. 11 does not
indicate specific dopant levels within the various regions; and
instead of showing all of the regions 31-36 (FIG. 10) within
epitaxially-grown semiconductor material 24, the figure indi-
cates that the epitaxially-grown semiconductor material com-
prises a stack of doped regions which include a lower source/
drain region 40, an upper source/drain region 42, and channel
region 41 between the source/drain regions 40 and 42.
Dashed-lines 43 and 45 are provided to show approximate
boundaries between the channel region and the source/drain
regions. The illustration of FIG. 11 generically encompasses
embodiments having the graded junction regions of FIG. 10,
and also encompasses embodiments having a different num-
ber of doped regions than is shown in FIG. 10 (such different
number may be greater than the number shown in FIG. 10 in
some embodiments, and less than the number shown in FIG.
10 in other embodiments). The drawing style of FIG. 11 will
be utilized for illustrating example processing which may be
used to pattern heavily-doped region 22 and semiconductor
material 24 (specifically, processing described below with
reference to FIGS. 12-20).

FIGS. 12-15 show region 14 at a processing stage subse-
quent to that of FIGS. 9-11. FIG. 12 is a top view of region 14,
and FIGS. 13-15 are cross-sectional views along the lines
A-A, B-B and C-C of FIG. 12, respectively.

FIGS. 12-15 show a first series of trenches 50-52 formed to
extend through the semiconductor material 24 and heavily-
doped region 22. Although the shown trenches 50-52 pass
through heavily-doped region 22 and stop at a top surface of
substrate 12 beneath the heavily-doped region, in other
embodiments the trenches 50-52 may extend into substrate 12
after punching through the heavily-doped region 22.

The trenches 50-52 are shown to be linear trenches extend-
ing along a direction of an axis 5 (shown in FIG. 12).
Although the trenches are shown to extend straight along axis
5, in other embodiments the trenches 50-52 may be curved or
wavy configurations extending primarily along axis 5.

FIGS. 16-19 show region 14 at a processing stage subse-
quent to that of FIGS. 12-15. FIG. 16 is a top view of region
14, and FIGS. 17-19 are cross-sectional views along the lines
A-A, B-B and C-C of FIG. 16, respectively.

FIGS. 16-19 show a second series of trenches 54-56
formed to extend through the semiconductor material 24. The
trenches 54-56 may be referred to as second trenches to
distinguish them from the first trenches 50-52. The second
trenches 54-56 do not penetrate entirely through the heavily-
doped region 22.
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The trenches 54-56 are shown to be linear trenches extend-
ing along a direction of an axis 7 (shown in FIG. 16).
Although the trenches are shown to extend straight along axis
7, in other embodiments the trenches 54-56 may be curved or
wavy configurations extending primarily along axis 7.

The trenches 54-56 extend along a direction which inter-
sects the trenches 50-52 as indicated by the axis 7 crossing the
axis 5. In the shown embodiment, the trenches 54-56 extend
along a direction substantially orthogonal to the direction of
the trenches 50-52 as indicated by the axis 7 being substan-
tially orthogonal to the axis 5. The term “substantially
orthogonal” is utilized to indicate that the described features
are orthogonal to within reasonable tolerances of fabrication
and measurement. In other embodiments (not shown), the
trenches 54-56 may intersect the trenches 50-52 without
being orthogonal to the trenches 50-52.

The first trenches 50-52 and second trenches 54-56
together pattern the second semiconductor material 24 into a
plurality of vertically-extending pillars 60-63. Additionally,
the first trenches 50-52 pattern the heavily-doped region 22
into spaced-apart lines 65 and 66 which electrically couple
pluralities of the vertically-extending pillars to one another
(specifically, line 65 electrically couples pillars 60 and 62 to
one another, and the line 66 of electrically couples pillars 61
and 63 to one another). The lines 65 and 66 may be referred to
as buried lines, in that they are under pillars 60-63. In some
embodiments, the lines 65 and 66 may be incorporated into
buried digit lines.

The trenches 50-52 may be formed before or after the
trenches 54-56. Accordingly, in some embodiments the so-
called “first trenches” may be formed after the so-called “sec-
ond trenches,” rather than being formed before the second
trenches.

The pillars 60-63 are example circuit components which
may be patterned from semiconductor material 24 and inter-
connected utilizing lines patterned from heavily-doped
region 22. In other embodiments, other circuit components
may be patterned from semiconductor material 24 and inter-
connected with lines patterned from region 22. Such circuit
components may be any suitable circuit components, includ-
ing, for example, diodes, BJTs, etc.

In some embodiments, counter-dopant may be provided in
base 12 along the bottoms of trenches 50-52 to alleviate
possible crosstalk between adjacent conductive lines formed
from the heavily-doped region (for instance, lines 65 and 66).
For instance, if region 22 is n-type doped, p-type doped
regions (not shown) may be formed within base 12 at the
bottoms of trenches 50-52.

FIG. 20 shows a top view of region 14 at a processing stage
subsequent to that of FIGS. 16-19. Gate dielectric 70 is
formed along sidewalls of pillars 60-63. Gatelines 72 and 74
extend across channel regions of the pillars 60-63, with the
gatelines being spaced from the pillars by the gate dielectric
70. The gate dielectric may comprise any suitable composi-
tion or combination of compositions; and in some embodi-
ments may comprise, consist essentially of, or consist of one
or both of silicon dioxide and silicon nitride. The gatelines
may comprise any suitable electrically conductive composi-
tion or combination of compositions; and in some embodi-
ments may comprise one or more of various metals, metal-
containing  compositions, and  conductively-doped
semiconductor materials.

In the shown embodiment, the gate dielectric is formed
along two sides of each pillar. In other embodiments, the gate
dielectric may have a different configuration, and may, for
example, entirely surround pillars. Similarly, although the
gatelines are shown to extend along two sides of the pillars, in
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other embodiments the gatelines may have other configura-
tions, and may, for example, entirely surround pillars.

In the shown embodiment, the gatelines 72 and 74 are
substantially orthogonal to the buried lines 65 and 66 formed
from the heavily-doped region 22.

Each of pillars 60-63 is incorporated into a vertical tran-
sistor in the embodiment of FIG. 20, with each vertical tran-
sistor being uniquely addressed through a combination of a
buried line and a gateline (for instance, the transistor com-
prising pillar 61 is uniquely addressed through the combina-
tion of buried line 66 and gateline 72).

Data storage devices 80-83 are formed over vertical tran-
sistors comprising pillars 60-63, respectively. The data stor-
age devices may be electrically coupled with the top source/
drain regions 42 (FIG. 17) of the vertical transistors. In some
embodiments, the vertical transistors may be incorporated
into DRAM, and the data storage devices may correspond to
capacitors or other charge-storage devices. In some embodi-
ments, the vertical transistors may be utilized as access
devices, and the data storage devices may correspond to
RRAM unit cells. In some embodiments, the vertical transis-
tors may be utilized as access devices and incorporated into
integrated circuitry having peripheral dimensions of about
4F?, where “F” is a minimum feature size that can be pat-
terned with the fabrication technology utilized to form such
integrated circuitry.

There may be one or more insulative materials formed over
and between the various structures shown at the processing
stage of FIG. 20. Such insulative materials are not shown in
order to simplify the drawing.

The vertical transistors of FIG. 20 are examples of inte-
grated circuitry that may be fabricated from epitaxially-
grown material 24, and interconnected with lines formed
from heavily-doped region 22. Any other suitable integrated
circuitry may be fabricated with analogous processing. FIGS.
21 and 22 describe processing which may be utilized to form
diode and/or BJT select devices.

Referring to FIG. 21, a memory array region 14a is shown
at a processing step which may be analogous to that of FIG.
11. The region includes heavily-doped region 22 over base
12, and includes epitaxially-grown semiconductor material
24 over the heavily-doped region. The material 24 comprises
a stack of three regions 90, 91 and 92. The regions may be
appropriately doped to form BJT devices. Accordingly,
regions 90 and 92 may be doped to be emitter/collector
regions, and region 91 may be doped to be a base region.
Thus, in some embodiments regions 90 and 92 may be oppo-
sitely doped to region 91 (specifically, regions 90 and 92 may
be n-type doped while region 91 is p-type doped, or vice
versa). Alternatively, the regions 90-92 may be appropriately
doped to form diodes. For instance, the regions 90-92 may be
appropriately doped to form PIN diodes. Accordingly, one of
regions 90 and 92 may be n-type doped and the other p-type
doped; and the region 91 may be intrinsically doped.

FIG. 22 shows construction 14a after utilizing first and
second trenches analogous to those described above with
reference to FIGS. 12-19 to pattern pillars 94 and 95 com-
prising the doped regions 90-92. Such pillars are connected to
one another by a patterned line 96 comprising heavily-doped
region 22. In some embodiments, the pillars 94 and 95 may be
diodes or BJTs; and may be utilized as select devices. For
instance, FIG. 22 shows the pillars 94 and 95 electrically
connected with integrated circuit components 97 and 98,
respectively. Such components may be electrically coupled
with the top regions 92 of the pillars. In some embodiments,
components 97 and 98 may correspond to RRAM cells. In
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some example applications of such embodiments, the unit
cells and select devices may be incorporated into 4F* archi-
tecture.

FIGS. 1-22 illustrate example processes of epitaxially
growing semiconductor material over a heavily-doped
region, and then patterning the epitaxially-grown material
into circuit components while also patterning the region into
buried conductive lines interconnect pluralities of the com-
ponents to one another. In some embodiments, such process-
ing may be utilized to form highly conductive doped lines
which are buried under the circuit components, with the lines
having width dimensions aligned with the width dimensions
of the components.

The processing of FIGS. 1-22 illustrates a few of many
examples of processing which may be utilized to form a
structure in which the heavily-doped region 22 is selectively
formed over a memory array region relative to a peripheral
region. Another example process for accomplishing such
structure is described with reference to FIGS. 23-26.

Referring to FIG. 23, construction 10 is shown at a pro-
cessing stage subsequent to that of FIG. 1; and specifically is
shown as dopant 20 is implanted into memory array region 14
while peripheral region 16 is protected with masking material
18. The implanted dopant forms the heavily-doped region 22
within base 12.

Referring to FIG. 24, masking material 18 is removed.

Referring to FIG. 25, semiconductor material 100 is epi-
taxially grown over exposed surfaces of base 12, and in the
shown embodiment is formed over both the memory array
region 14 and the peripheral region 16. A dashed line 101 is
provided to illustrate an approximate boundary between
material 100 and base 12. The semiconductor material 100
may be any suitable composition, and in some embodiments
may comprise, consist essentially of, or consist of silicon. The
construction of FIG. 25 may be utilized for subsequent fab-
rication of circuit components. For instance, FIG. 26 shows
the construction at a processing stage after trenches 102 have
been formed into the memory array region 14 to subdivide the
doped region 22 into a plurality of electrically conductive
segments. Such segments may be utilized as bitlines or wires
in some embodiments. For instance, the embodiment of FIG.
26 may comprise trenches analogous to those described
above with reference to FIGS. 12-22. In some embodiments,
material 100 may comprise numerous doped regions, such as,
for example, regions analogous to those shown in FIG. 10 as
being within material 24.

Although the peripheral region 16 of FIGS. 1-26 is shown
to be homogenous, in some embodiments such peripheral
region may be subjected to circuit-forming processing prior
to formation of doped region 22 in the memory array region
14. For instance, in some embodiments a gate stack may be
formed across the peripheral region before the formation of
doped region 22 and the epitaxial growth over such doped
region.

The integrated circuitry discussed above may be incorpo-
rated into electronic systems. Such electronic systems may be
used in, for example, memory modules, device drivers, power
modules, communication modems, processor modules, and
application-specific modules, and may include multilayer,
multichip modules. The electronic systems may be any of a
broad range of systems, such as, for example, clocks, televi-
sions, cell phones, personal computers, automobiles, indus-
trial control systems, aircraft, etc.

The particular orientation of the various embodiments in
the drawings is for illustrative purposes only, and the embodi-
ments may be rotated relative to the shown orientations in
some applications. The description provided herein, and the
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claims that follow, pertain to any structures that have the
described relationships between various features, regardless
of whether the structures are in the particular orientation of
the drawings, or are rotated relative to such orientation.

The cross-sectional views of the accompanying illustra-
tions only show features within the planes of the cross-sec-
tions, and do not show materials behind the planes of the
cross-sections in order to simplify the drawings.

When a structure is referred to above as being “on” or
“against” another structure, it can be directly on the other
structure or intervening structures may also be present. In
contrast, when a structure is referred to as being “directly on”
or “directly against” another structure, there are no interven-
ing structures present. When a structure is referred to as being
“connected” or “coupled” to another structure, it can be
directly connected or coupled to the other structure, or inter-
vening structures may be present. In contrast, when a struc-
ture is referred to as being “directly connected” or “directly
coupled” to another structure, there are no intervening struc-
tures present.

In some embodiments, the invention includes a method of
forming a semiconductor construction. A heavily-doped
region is formed within a first semiconductor material. A
second semiconductor material is epitaxially grown over the
first semiconductor material. The second semiconductor
material is patterned to form circuit components. The
heavily-doped region is patterned to form spaced-apart buried
lines electrically coupling pluralities of the circuit compo-
nents to one another. At least some of the patterning of the
heavily-doped region occurs simultaneously with at least
some of the patterning of the second semiconductor material.

In some embodiments, the invention includes a method of
forming a semiconductor construction. A memory array
region of a semiconductor substrate is recessed relative to a
region of the substrate peripheral to the memory array region.
A heavily-doped region is formed within the recessed
memory array region. Semiconductor material is epitaxially
grown over the heavily-doped region. The semiconductor
material is patterned to form circuit components. The
heavily-doped region is patterned to form spaced-apart buried
lines electrically coupling pluralities of the circuit compo-
nents to one another. At least some of the patterning of the
heavily-doped region occurs simultaneously with at least
some of the patterning of the semiconductor material.

In some embodiments, the invention includes a method of
forming a memory array. A heavily-doped region is formed
within a first semiconductor material. A second semiconduc-
tor material is epitaxially grown over the first semiconductor
material. The second semiconductor material is in situ doped
during the epitaxial growth to form a stack of doped regions
over the heavily-doped region. First trenches are formed
through the second semiconductor material. The first trenches
extend along a first direction and penetrate entirely through
the heavily-doped region. Second trenches are formed
through the second semiconductor material. The second
trenches extend along a second direction which intersects the
first direction, and do not penetrate entirely through the
heavily-doped region. The first and second trenches together
pattern the second semiconductor material into a plurality of
vertically-extending pillars comprising the stacked doped
regions, and pattern the heavily-doped region into a plurality
of'buried lines under the pillars. The buried lines electrically
interconnect pluralities of the pillars to one another. Data
storage devices are formed over the vertically-extending pil-
lars and are electrically coupled with top doped regions of the
stacked doped regions.

12

In compliance with the statute, the subject matter disclosed
herein has been described in language more or less specific as
to structural and methodical features. It is to be understood,
however, that the claims are not limited to the specific features

5 shown and described, since the means herein disclosed com-
prise example embodiments. The claims are thus to be
afforded full scope as literally worded, and to be appropri-
ately interpreted in accordance with the doctrine of equiva-
lents.

We claim:

1. A method of forming a memory array, comprising:

providing a base comprising a first semiconductive mate-

rial, the base having an memory array region and a

peripheral region;

forming a planar recessed upper surface of the array region,

the upper surface of the array region being recessed

relative to uppermost surfaces of the base in the periph-
eral region;

forming a heavily-doped region within the first semicon-

ductor material in the array region;

epitaxially growing a second semiconductor material over

the first semiconductor material; the second semicon-

ductor material being in situ doped during the epitaxial
growth to form a stack of doped regions over the heavily-
doped region;

forming first trenches through the second semiconductor

material; the first trenches extending along a first direc-

tion, and penetrating entirely through the heavily-doped
region;

forming second trenches through the second semiconduc-

tor material, the second trenches extending along a sec-

ond direction which intersects the first direction, and not
penetrating entirely through the heavily-doped region;
the first and second trenches together patterning the
second semiconductor material into a plurality of verti-
cally-extending pillars comprising the stacked doped

regions, and patterning the heavily-doped region into a

plurality of buried lines under the pillars; the buried lines

electrically interconnecting pluralities of the pillars to
one another; and

forming data storage devices over the vertically-extending

pillars and electrically coupled with top doped regions

of the stacked doped regions.

2. The method of claim 1 wherein the first trenches are
formed before the second trenches.

3. The method of claim 1 wherein the second trenches are
formed before the first trenches.

4. The method of claim 1 wherein the heavily-doped region
is n-type.

5. The method of claim 1 wherein the heavily-doped region
is p-type.

6. The method of claim 1 wherein the stack comprises a
lower source/drain region, a channel region and an upper
source/drain region in ascending order from the heavily-
55 doped region; and further comprising:
forming gatelines along the pillars, the gatelines extending

across pluralities of channel regions; each pillar being

incorporated into a vertical transistor uniquely

addressed through a combination of a buried line and a

gateline; and
forming the data storage devices over the vertical transis-

tors and electrically coupled with the top source/drain
regions of the vertical transistors.
7. The method of claim 6 wherein the data storage devices
65 are capacitors and the memory array is a DRAM array with
individual memory cells of the array comprising one of the
vertical transistors coupled with one of the capacitors.
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8. The method of claim 1 wherein the data storage devices
are memory cells, and wherein the vertically-extending pil-
lars are incorporated into access devices electrically coupled
with the memory cells.

9. The method of claim 8 wherein the stack comprises a
lower emitter/collector region, a base region and an upper
emitter/collector region in ascending order from the heavily
doped region; and wherein the vertical pillars are incorpo-
rated into BJT access devices.

10. The method of claim 8 wherein the stack comprises a
lower source/drain region, a channel region and an upper
source/drain region in ascending order from the heavily-
doped region; and wherein the vertical pillars are incorpo-
rated into vertical transistor access devices.

11. The method of claim 8 wherein the stack comprises a
first diode region, an intrinsic region and a second diode
region in ascending order from the heavily-doped region; and
wherein the vertical pillars are incorporated into diode access
devices.

12. The method of claim 1 wherein the heavily-doped
region is formed by:

implanting conductivity enhancing dopant into the first

semiconductor material in combination with one or both
of carbon and nitrogen to form an implant region within
the first semiconductor material; and

thermally treating the implant region to heal damage

imparted during the implant.

13. The method of claim 1 wherein the heavily-doped
region extends to a depth within the first semiconductor mate-
rial of less than or equal to about 100 nanometers.

14. The method of claim 1 wherein the second semicon-
ductor material is epitaxially grown to a thickness of at least
about 2000A.

15. The method of claim 1 wherein the second trenches are
substantially orthogonal to the first trenches.
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16. A method of forming a semiconductor construction,
comprising:
forming a heavily-doped region within a first semiconduc-
tor material in an array region of a base, the array region
having a planar upper surface that is recessed relative to
uppermost surfaces of a peripheral region of the base;

epitaxially growing a second semiconductor material over
the first semiconductor material;

patterning the second semiconductor material to form cir-

cuit components;

patterning the heavily-doped region to form spaced-apart

buried lines electrically coupling pluralities of the cir-
cuit components to one another; and

at least some of the patterning of the heavily-doped region

occurring simultaneously with at least some of the pat-
terning of the second semiconductor material.

17. The method of claim 16 wherein the heavily-doped
region is n-type.

18. The method of claim 16 wherein the heavily-doped
region is p-type.

19. The method of claim 16 wherein the first semiconduc-
tor material is monocrystalline silicon.

20. The method of claim 16 wherein the first and second
semiconductor materials are monocrystalline silicon.

21. The method of claim 16 further comprising in situ
doping of the second semiconductor material during the epi-
taxial growth of the second semiconductor material.

22. The method of claim 16 wherein the circuit compo-
nents are vertical transistors.

23. The method of claim 16 wherein the circuit compo-
nents are BJTs.

24. The method of claim 16 wherein the circuit compo-
nents are diodes.



